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Abstract – We unraveled the strain-induced topological insulating behavior in Ge2Sb2Te5 (GST)
by means of ab initio calculations. The semiconductor–to–topological-insulator (TI) transition
of Ge2Sb2Te5 were induced by the strains along the 〈100〉 and 〈110〉 direction as well as the
shear strains. Ge2Sb2Te5 exhibits three types of TI-characterized conducting surface states:
the single Dirac cone feature, the odd band-type and the Bi2Se3-type. The physical origin of
the semiconductor-TI transition is the strain-induced inversion of the characterizations of
conduction band minimum and valence band maximum with spin-orbit coupling. The present
results suggest that GST-related materials are a new family of strain-induced TI.
Copyright c© EPLA, 2012
Topological insulators (TIs) are attracting increasing
attention due to the potential applications in quantum
computation and spintronics resulting from quantum spin
Hall (QSH) effect [1–15]. Typical TIs have the following
characteristics: i) There exists an energy gap near the
Fermi energy showing an insulator or a semiconductor
behavior for a typical TI bulk states. ii) While the surface
or edge of a TI has metallic gapless states which is
caused by the time-reversal (TR) symmetry and spin-
orbit coupling (SOC) [4]. A family of binary chalcogenide
semiconductors, such as Bi2Te3, Bi2Se3 and Sb2Te3, were
studied to be three-dimensional (3D) TIs with conducting
surface states [16–27].
Ternary chalcogenides in the GeTe-Sb2Te3 tie line,
which have mainly been investigated as record media for
phase-change memory devices [28], have stable layered
crystalline structures similar to Sb2Te3 [29]. Therefore,
it is natural to think that these layered ternary GeTe-
Sb2Te3 compounds could also have topological insulating
behavior. In a recent work, Kim et al. predicted the
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structure-related topological insulating behavior in
Ge2Sb2Te5 alloys [30]. For the two stacking models of
stable Ge2Sb2Te5, i.e., Te-Ge-Te-Sb-Te-Te-Sb-Te-Ge-
(herein referred to as GST-I) and Te-Sb-Te-Ge-Te-Te-
Ge-Te-Sb- (herein referred to as GST-II), the structure
relations of which can be find elsewhere [31], they argued
that GST-II is a TI, but GST-I is not a TI at ambient
conditions [30]. In our previous study, we found that the
topological insulating behavior of GST-I can be tuned by
external hydrostatic pressure [31]. Recently, Young et al.
pointed out that mechanical strain is an important
parameter which impacts the topological insulating
behaviors in TIs [24]. In a very recent study, Sun et al.
found strain-driven topological insulating states in
alkaline-earth-metal–based compounds [32]. Moreover,
the properties and phase change kinetics of Ge2Sb2Te5
alloys can be strongly affected by strain-induced lattice
distortions [33]. Hence, an investigation on the topological
insulating nature of GST under various mechanical strains
is of great interest and importance.
In this letter, the strain-induced topological insulating
proprieties of GST have been studied based on the density
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functional theory (DFT) in conjunction with projector-
augmented-wave (PAW) potentials which is implemented
in the Vienna ab initio simulation package (VASP) [34].
The present work focuses on GST-I in order to compare
with previous results on the one hand [31]. On the other
hand, GST-I possesses the lowest energy among the three
proposed models for GST and is hence considered as
the most possible configuration [29]. For the exchange-
correlation functional the generalized gradient approxima-
tions (GGA) [35] of Perdew-Burke-Ernzerhof (PBE) [36]
were used. The valence electron configurations for Ge, Sb
and Te were 4s24p2, 5s25p3 and 5s25p4, respectively. The
tetrahedron method with Blöchl corrections was used for
cohesive energy calculations. The relaxation convergences
for ions and electrons were 1× 10−5 and 1× 10−6 eV,
respectively. The layered stable Ge2Sb2Te5 can be consid-
ered as quintuple layers (9-atom layers per quintuple layer)
structure [37], where the interlayer is bonded by a weak
Te-Te van der Waals type bonding [38]. The present calcu-
lated Ge2Sb2Te5 (001) surface containing a slab of 2 quin-
tuple layers was constructed by cleaving the adjacent
weak Te-Te layers. We have checked that this slab size
is enough to obtain the correct metallic surface states
under strains. In order to prevent the interaction between
periodic images, we introduced a vacuum of 15 Å thick-
ness. The k -points of 7× 7× 3 and 7× 7× 1 automatically
generated with Gamma symmetry were used for the bulk
and surface calculations, respectively. The energy cut-off is
400 eV. The electron spin-orbit coupling (SOC) was intro-
duced with time-reversal (TR) inversion SOC calculations.
The stable Ge2Sb2Te5 has a trigonal crystal structure
(space group P 3̄m1), for which the Bravais lattice vectors












The distortion of the lattice is expressed by multiplying
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The tensile strains εt〈100〉 and compression strains εc〈100〉








where a0 is the equilibrium lattice parameter. The related


















Fig. 1: (Color online) The applied strain (black arrows)
and distorted (110) plane (red frames) of the crystal lattice
for Ge2Sb2Te5: (a) tensile strain along the 〈100〉 direction
εt〈100〉, (b) compression strain along the 〈100〉 direction εc〈100〉,
(c) tensile strain along the 〈100〉 direction εt〈110〉, (d) compres-
sion strain along the 〈100〉 direction εc〈110〉, (e) positive shear
strain εs+, and (f) negative shear strain εs−.
We calculate the tensile strains εt〈100〉 and compression


















where γ is the crystal axial angle between x and y crystal
axial, hence γ0 equals 120












































where εs+ and εs− are the positive and negative shear
strains, respectively. Figure 1 illustrates the various types
of applied strains as well as the correspondingly induced
distortions in the (110) planes of hexagonal GST.
Based on the previous study of topological insulating
behaviors of Ge2Sb2Te5 under hydrostatic pressure [31],
a suitable external pressure will raise the surface valence
band maximum (VBM) through the Fermi level of GST-
I, forming the single “Dirac cone” feature of surface
band structure [16]. Interesting, by introducing mechani-
cal strain, we find that the strain-induced decrease of the
energy levels of surface conduction band minimum (CBM)
27003-p2
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Fig. 2: (Color online) Strain dependence of the conduction band
minimum (CBM) for GST-I surface.
Fig. 3: The surface band structure for GST-I at (a) εt〈100〉 =
11%, (b) εc〈100〉 = 6%, (c) εt〈110〉 = 2.6%, (d) εc〈110〉 = 3.2%,
(e) εs+ = 7%, and (f) εs− = 5.4%. The Fermi level is set at
0 eV.
is more drastic than the increase of VBM. The strain
dependence of the CBM energy levels for GST-I surface
under various types of strains is shown in fig. 2. It is worth
noting that all types of strains could lower the surface
CBM down through the Fermi level. This phenomenon
indicates the possibility of a semiconductor-TI conversion
in GST-I under mechanical strain.
Figure 3 shows the TI-characterized surface band struc-
ture of GST-I with SOC under various types of mechanical
Fig. 4: (Color online) The bulk band structure for GST-
I at ambient condition (a) without SOC and (b) with
SOC; under various strains of (c) εt〈100〉 = 11%, (d) εc〈100〉 =
6%, (e) εt〈110〉 = 2.6%, (f) εc〈110〉 = 3.2%, (g) εs+ = 7%, and
(h) εs− = 5.4%; (i) illustrates the bulk conduction and valence
band inversion under strain for GST-I. The blue lines indicate
the Ge s Sb s Te pz states, and the red lines show the Ge pz
Sb pz Te s states. The Fermi level is set at 0 eV.
strains. Comparing with the surface band structure of
GST-I at ambient condition which has been presented
previously [31], it can be realized that GST-I could
transform from an ordinary semiconductor to a TI with
conducting surface states under all types of present inves-
tigated strains. However, the topological insulating surface
27003-p3
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Table 1: The parity eigenvalues of GST-I at ambient condition for 24 occupied bands. The corresponding band energy increases
from left to right.
TRIM 1 2 3 4 5 6 7 8 9 10 11 12
1 (0, 0, 0) 1 −1 1 −1 1 −1 1 −1 1 1 1 1
2 (0, 0, 0.5) 1 −1 1 −1 1 −1 1 −1 1 −1 −1 −1
3 (0, 0.5, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
4 (0, 0, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 −1
5 (0.5, 0, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
6 (0.5, 0, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 −1
7 (0.5, 0.5, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
8 (0.5, 0.5, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 −1
TRIM 13 14 15 16 17 18 19 20 21 22 23 24 δi
1 (0, 0, 0) −1 −1 −1 −1 −1 1 1 −1 −1 1 −1 −1 −1
2 (0, 0, 0.5) 1 1 1 −1 −1 1 1 −1 −1 −1 −1 1 −1
3 (0, 0.5, 0) −1 −1 1 1 −1 −1 1 1 −1 1 −1 −1 −1
4 (0, 0, 0.5) 1 −1 −1 1 −1 1 −1 1 1 −1 −1 −1 −1
5 (0.5, 0, 0) −1 −1 1 1 −1 −1 1 1 −1 1 −1 −1 −1
6 (0.5, 0, 0.5) 1 −1 −1 1 −1 1 −1 1 1 −1 −1 −1 −1
7 (0.5, 0.5, 0) −1 −1 1 1 −1 −1 1 1 −1 1 −1 −1 −1
8 (0.5, 0.5, 0.5) 1 −1 −1 1 −1 1 −1 1 1 −1 −1 −1 −1
Table 2: The parity eigenvalues of GST-I under strain for 24 occupied bands. The corresponding band energy increases from
left to right.
TRIM 1 2 3 4 5 6 7 8 9 10 11 12
1 (0, 0, 0) 1 −1 1 −1 1 −1 1 −1 1 1 1 −1
2 (0, 0, 0.5) 1 −1 1 −1 1 −1 1 −1 1 −1 −1 1
3 (0, 0.5, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
4 (0, 0, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 1
5 (0.5, 0, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
6 (0.5, 0, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 1
7 (0.5, 0.5, 0) −1 1 1 −1 1 −1 1 −1 1 −1 1 −1
8 (0.5, 0.5, 0.5) 1 1 −1 −1 1 1 −1 −1 1 −1 1 1
TRIM 13 14 15 16 17 18 19 20 21 22 23 24 δi
1 (0, 0, 0) 1 −1 −1 −1 −1 1 1 −1 −1 1 −1 1 1
2 (0, 0, 0.5) −1 1 −1 −1 1 1 1 −1 −1 −1 −1 1 −1
3 (0, 0.5, 0) −1 −1 −1 1 1 −1 1 −1 1 1 −1 1 1
4 (0, 0, 0.5) −1 −1 −1 1 −1 1 −1 1 1 −1 −1 1 1
5 (0.5, 0, 0) −1 −1 −1 1 1 −1 1 −1 1 1 −1 1 1
6 (0.5, 0, 0.5) −1 −1 −1 1 −1 1 −1 1 1 −1 −1 1 1
7 (0.5, 0.5, 0) −1 −1 −1 1 1 −1 1 −1 1 1 −1 1 1
8 (0.5, 0.5, 0.5) −1 −1 −1 1 −1 1 −1 1 1 −1 −1 1 1
band structures induced by different types of strains are
not exhibited in the same form. Figure 3(a) illustrates
the surface band structure of GST-I under a strain of
εc〈100〉 = 11%, the TI states of GST-I are distinguished
by the single Dirac cone feature at Γ point. While under a
strain of εt〈100〉 = 6% (fig. 3(b)), the metallic surface states
with only one (odd number) band intersect the Fermi level
similar to some typical TIs [39,40], presented as odd band-
type for short. At εt〈110〉 = 2.6% (fig. 3(c)), GST-I reveals
a typical Bi2Se3-type [16] conducting surface state simi-
lar to GST-II [31]. While at εc〈110〉 = 3.2% (fig. 3(d)), the
surface band structure is similar to the odd band-type
of that under compression strain along the 〈100〉 direc-
tion. For positive shear strain εs+ = 7% (fig. 3(e)), Bi2Se3-
type conducting surface states appear in the surface band
structure of GST-I, while the surface states of GST-I
under a negative shear strain of εs− = 5.4% (fig. 3(f))
show a odd band-type. In a word, GST-I displays three
types of TI-characterized conducting surface states under
different types of strains, i.e., the odd band-type under
tensile strain εt〈100〉, compression strain εc〈110〉 and nega-
tive shear strain εs−; the single Dirac cone feature under
27003-p4
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Table 3: The parities δi and Z2 invariants for GST-I at ambient
condition and under strain.
GST-I δ1 δ2 δ3 δ4
Ambient condition −1 −1 −1 −1
Under strain 1 −1 1 1
GST-I δ5 δ6 δ7 δ8 ν0; (ν1ν2ν3)
Ambient condition −1 −1 −1 −1 0;(000)
Under strain 1 1 1 1 1;(001)
compression strain εc〈100〉; and the Bi2Se3-type under
tensile strain εt〈110〉 and positive shear strain εs+.
The most general and direct approach for a TI is to
calculate the Z 2 topological invariants from the parities
of time-reversal invariant moments (TRIMs) [5]. The
product of the parities for the 24 occupied bands for GST-
I at ambient condition is given in table 1. The relative
coordinates in primitive reciprocal-lattice of eight TRIMs
are i= 1: (0, 0, 0), i= 2: (0, 0, 0.5), i= 3: (0, 0.5, 0),
i= 4: (0, 0.5, 0.5), i= 5: (0.5, 0, 0), i= 6: (0.5, 0, 0.5),
i= 7: (0.5, 0.5, 0), i= 8: (0.5, 0.5, 0.5) [41]. Table 2
lists the product of the parities for GST-I under strain.
Interestingly, the sign of parity changes for all the TRIM
except (0, 0, 0.5) under strain. Furthermore, we calculated
the Z2 topological invariants, the results of which are given
in table 3. The Z2 topological invariants for GST-I are
0;(000) at ambient condition and 1;(001) under strain,
which indicates that GST-I transforms from a normal
semiconductor to a TI under strain.
Further bulk band structure analysis shows that
the physical origin of the semiconductor-TI transitions
induced by strain results from the strain-induced TR
band inversion with SOC, which is similar to that of
under hydrostatic pressures [31]. The VBM for GST-I at
ambient condition is Ge s Sb s Te pz states while the
CBM is Ge pz Sb pz Te s states, illustrated in fig. 4(a).
Figure 4(b) shows that the band characterization of
VBM and CBM does not exchange by introducing SOC,
indicating no band inversion for GST-I with and without
SOC. Under certain strains, GST-I is demonstrated as a
narrow band gap semiconductor (fig. 4(c) to (h)). The
VBM of bulk band structure changes from the Ge s Sb s
Te pz states to the Ge pz Sb pz Te s states by introducing
SOC, and it is vice versa for the bulk CBM. The bulk
conduction and valence band inversion under strain at
the Γ point for GST-I is illustrated in fig. 4(i). Such a
strain-induced band inversion changes the sign of parity
at the Γ point. This agrees well with our early analysis
on Z2 topological invariants.
In conclusion, based on the present ab initio total
energy calculations of Ge2Sb2Te5 under various types of
strains, i.e., the tensile and compression strain along the
〈100〉 and 〈100〉 directions, and the positive and negative
shear strains, we obtained three types of TI-characterized
conducting surface states. Further analysis predicts that
Ge2Sb2Te5 will transform from a normal semiconductor to
a topological insulator under the present studied strains.
Experimental work is necessary to validate the present
prediction, which is an on-going project. Nevertheless,
this work opens new insights on the topological insulating
behaviors of Ge2Sb2Te5 under mechanical strain and the
results should be helpful for the investigation of other TIs.
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Dölinger M. and Oeckler O., Phys. Rev. B, 81 (2010)
184102.
[34] Hafner J., J. Comput. Chem., 29 (2008) 2044.
[35] Perdew J. P. and Wang Y., Phys. Rev. B, 45 (1992)
13244.
[36] Perdew J. P., Burke K. and Wang Y., Phys. Rev. B,
54 (1996) 16533.
[37] Zhu X., Santos L., Sankar R., Chikara S., Howard
C., Chou F. C., Chamon C. and El-Batanouny M.,
Phys. Rev. Lett., 107 (2011) 186102.
[38] Sa B. S., Miao N. H., Zhou J., Sun Z. M. and Ahuja
R., Phys. Chem. Chem. Phys., 12 (2010) 1585.
[39] Sun Y., Chen X. Q., Yunoki S., Li D. Z. and Li Y.,
Phys. Rev. Lett., 105 (2010) 216406.
[40] Wang L.-L. and Johnson D. D., Phys. Rev. B, 83 (2011)
241309.
[41] Feng W., Wen J., Zhou J., Xiao D. and Yao Y.,
arXiv:1107.2679 (2011).
27003-p6
